We describe a 62-year-old woman with chronic progressive external ophthalmoplegia (CPEO), multiple lipomas, diabetes mellitus, and a novel mitochondrial DNA (mtDNA) mutation at nucleotide 4302 (4302A>G) of the tRNA Ile gene (MTTI). This is the first mutation at position 44 in the variable loop (V loop) of any mitochondrial tRNA.
Introduction
Chronic progressive external ophthalmoplegia (CPEO) is a common clinical feature of mitochondrial diseases [1, 2] , often presenting as ptosis followed by gradual involvement of the extraocular muscles [3] , along with variable degrees of oropharyngeal and limb weakness. As in many other mitochondrial clinical syndromes, the genetic basis of CPEO is heterogeneous. Most cases are caused by large-scale rearrangements -deletions, duplications, or both -of mtDNA [4, 5] . Patients with single deletions (with or without cognate duplications) are sporadic and the mutations are thought to arise in öogenesis or in early embryonic development [6] . In contrast, multiple deletions of mtDNA are often observed in autosomal dominant or recessive forms of CPEO [7] . In some cases, CPEO is maternally inherited and due to mtDNA point mutations, most frequently in tRNA genes (MTT). Together with tRNA Leu(UUR) (MTTL), MTTI has emerged as one the hotspot regions for mutations causing CPEO.
Here, we describe a patient with apparently maternally inherited CPEO, who had many raggedred and even more abundant COX-deficient fibers in her muscle biopsy and a novel mutation in MTTI gene. This is the first polymorphism described at position 44 of the variable loop (Vloop) of mitochondrial tRNA fulfilling canonical criteria for pathogenicity and the first mutation of the V-loop associated with CPEO.
Case Report
A 62 year-old Ecuadorian woman presented with a 10 years history of ptosis associated with diplopia. Approximately 4 years after the onset, she developed slowly progressive proximal limb weakness and muscular atrophy. She described trouble climbing stairs and putting dishes on high shelves. After beginning L-carnitine (990mg/day) and coenzyme Q 10 (300 mg/day) supplementation, her diplopia improved. She developed diabetes mellitus, trouble swallowing, enlargement of her tongue and neck. General examination was notable for macroglossia and submandibular and upper arm lipomas. Neurological examination showed bilateral ptosis and severe impairment of vertical and right gaze whereas left gaze was almost normal. Fundoscopy was normal. She had mild facial weakness and her palate elevated briskly. She had mild neck flexor and proximal limb weakness. Sensory examination and coordination were normal.
Audiometry showed 10% deficit at high frequencies. Electrocardiograms and echocardiogram were normal. Venous lactate and pyruvate at rest, and thyroid stimulating hormone levels were normal. Her serum CK was 435 U/L (normal 39-238). Brain MRI, nerve conduction studies, and electromyography were normal. Little information about her mother and grandmother was available except both had unilateral ptosis without ophthalmoplegia. Her parents were cousins, as her paternal grandfather and maternal grandfather were brothers. The patient reported that none of her four siblings or two children had neuromuscular symptoms. Histological and histochemical reactions using standard procedures showed 10% of ragged red fibers as well as intense succinate dehydrogenase histochemistry (SDH) stained fibers. Roughly 25% of fibers showed COX deficiency.
Muscle biochemistry showed normal activities of all mitochondrial respiratory chain complexes and citrate synthase (Table 1) .
DNA was extracted from skeletal muscle, blood, and urinary sediment using Puregene® DNA purification kit (Gentra System).
Southern blot revealed no deletions in the patient's muscle. Due to the parental consanguinity, we screened for autosomally recessive POLG1 mutations. Direct sequencing of tRNAs demonstrated a heteroplasmic transition from adenine to guanosine at nt position 4302 (m. 4302A>G) (Fig. 1A) . This change is not described in the URLs of MITOMAP and mtDBHuman Mitochondrial Genome Database [see Mitomap: http://mitomap.org and http://www.genpat.uu.se/mtDB/] and it affects a phylogenetically well-conserved site from sea urchin to human (Fig. 1B) . This nucleotide change was not found in 100 mtDNA from normal or disease controls.
Southern blot analysis of PvuII-digested muscle mtDNA was performed as previously described [9] . We sequenced all 22 mitochondrial tRNAs as described [10] . PCR products were purified with Big Dye ® Termination 1.1 V System Kit and analyzed in an Applied Biosystem 3130xl Genetic Analyzer.
To assess quantitatively the level of the m.4302A>G mutation, restriction fragment length polymorphism (RFLP) was performed on DNA extracted from muscle, blood, and urinary sediment. A 173 base-pair (bp) mtDNA fragment spanning nucleotides (nts) 4262-4434 was amplified from total DNA samples using a forward mismatch primer (5′-AAGAAATATGTCTGATAAAAGAGTTACTTTGATAGACTAA-3′) (nts 4262-4301, mismatch nucleotide underlined) and a backward primer (nts 4415-4434). Wild-type mtDNA was cut into two fragments (95 and 78 bp) while mutant mtDNA was digested into three fragments (58, 37, and 78 bp) by the enzyme DdeI. The digestion products were run in a 15% non-denaturing acrylamide gel and subjected to SYBR Gold ® Nucleic Acid Gel Stain (Invitrogen) so as to quantitate the percentage of the mutation. Quantitative PCR/RFLP analysis showed that the mutation was heteroplasmic in the patient's muscle (56%) and undectectable in blood and urinary sediment (Fig. 1C) .
Single-fiber PCR analysis showed that the proportion of mutant mtDNAs was 77±19% in 12 COX-negative RRFs and 53±27% in 12 COX-positive non-RRFs. This difference was statistically significant (p<0.03, Unpaired t test).
Discussion
Both large rearrangements and point mutations in mtDNA have been described in association with sporadic CPEO. We report a patient who presented with CPEO plus limb weakness, diabetes mellitus, macroglossia, and lipomas due to a novel m.4302A>G transition in MTTI. We consider this change "possibly" pathogenic because: 1) it alters a highly conserved base pair within the V-loop region of the isoleucine tRNA and probably disrupts the secondary structure of the molecule 2) it was absent in 100 control DNA samples and public databases; 3) it was present at higher levels of heteroplasmy in COX-negative than in COX-positive fibers.
This case has several interesting features. First, this is the first description of a patient with CPEO associated with macroglossia and lipomas. Second, this is the first reported mutation at position 44 of the V loop in all tRNA's, except from an unconfirmed similar change in tRNA Leu(UUR) associated with LHON phenotype (unpublished data, Dr. Eric Schon). Other mutations have been described in the variable loop, but none have been associated with a pure CPEO phenotype [11] . This position may be structurally important for the proper folding and the 3-dimensional structure of the tRNA, establishing, as it does, a connection with the residue at position 26, which is an essential "linker" between tRNA domains [12, 13] . Although the clinical hallmark of mutations in MTTI appeared to be mitochondrial cardiomyopathy, [14] [15] [16] [17] 5 other tRNA Ile mutations have been associated with CPEO [18] [19] [20] [21] [22] . The fact that none of the mutations affect the anticodon loop illustrates the importance of the overall tRNA structure (Fig. 1D) . In our patient and most reported CPEO cases, MTTI mutations were heteroplasmic and restricted to skeletal muscle in contrast to cardiomyopathy-associated tRNA Ile mutations, which were nearly homoplasmic and detectable in multiple tissues. These observations suggest that levels of heteroplasmy and tissue distribution of tRNA Ile mutations contribute to the variability of clinical presentations. Curiously, the history of unilateral ptosis in the patient's mother and maternal grandmother suggests maternal inheritance, which would be atypical for muscle-specific mtDNA mutations [1] [2] . Unfortunately, matrilineal relatives were not available for mtDNA screening.
In conclusion, this study adds m.4302A>G to growing list of point mutations associated with CPEO and underscores the importance of sequencing all 22 tRNAs in sporadic CPEO patients, after single deletions have being excluded and the necessity, in some cases, of performing DNA analysis in muscle tissue when mutations are not detectable in other tissues. 
